What is claimed is: 



1 . A communication system employing orthogonal block encoding, comprising: 
a transmitter for repetitively transmitting encoded signals including mutually 

orthogonally encoded repeated blocks of symbols, the/symbols in the repeated blocks 
representing successive samples of an informationalAource signal; and 

a receiver for decoding thjj^fffjpgonally e/coded repeated blocks of symbols of 
the encoded signals. 

2. The comimuication systemYas recite/ in claim 1 wherein the receiver employs 
different orthogonahciid«r1o separate the^icoded signals into corresponding separate 
channels. 



3 The communication system is recited in claim 1 comprising: 
a memory for storing an orthogonal code; and 

a phase shifter for responding to the stored orthogonal code for imposing a 
corresponding sequence of phase changes onto at least one of the mutually repeated block. 
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4. The conununication system as recited in claim 1 wh/erein the receiver comprises: 
an orthogonal block code remover for removing ^he orthogonal encoding from the 

encoded transmitted signals; and 

an adder for adding corresponding ones of the 7 symbols in successively received 
repeated blocks from the transmitter after the orthoional encoding is removed by the 
orthogonal code remover to form a jjomaed W for each symbol within the repeated 
blocks. 



5. The communication systfm as recited in claim 4 comprising a transmitter for 
transmitting the re/eated^c/s at a presejected rate and for adding symbols in successive 
ones of the repeated blocks/ 



6. The communication system ^recited in claim 4 wherein the receiver comprises 
equalizer for processing the summe/signal from the adder to compensate for multipath 
propagation. j 

7. The communication syiem as recited in claim 1 comprising a digital source 
encoder for producing the svfnbols as digital bits of information. 



an 
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8. The communication system as recited in claim 7 comprising: 

bit repeater for repeating each bit of informatiorf produced by the digital source 
encoder a preselected number of times to successively/produce groups of repeated bits; 

sign imposer for selectively imposing a sign iiange on the repeated bits of each of 
a number of successive groups of repeated bits equ4l to the preselected number of bits in 
each group in accordance with an orthogonal code; 

interleaver for interleaving the sign changed bits from the preselected number of 
groups to successively generatea^umber of blocks each composed of the different sign 
changed bits of the presej^cted mibers of repeated groups and having a collective sign 
change corresponding to a common sign c/ange shared by all signed changed bits of the 
block; and 

a signal n(odulator/for ^ansmit^ig a signal modulated in accordance with the 
generated blocks Wlign chJnges corresponding to the orthogonal code. 



9. A communication system employing orthogonal block encoding, comprising: 

a plurality of transmitters/for repetitively transmitting encoded signals comprised 
of mutually orthogonally encoid repeated blocks of symbols respectively representing 
samples of an informational source signal produced at each transmitter, and 

a receiver for receiving the encoded transmitted signals, and for decoding the 
orthogonally encoded rep/ated blocks of symbols of the transmitted encoded signals 
received from the pluraliX of transmitters, by employing different ones of a plurality of 
orthogonal codes respectively associated with different ones of the plurality of transmitters 
to separate the receiv/d encoded signals into corresponding separate channels. 
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10. The communication system as recited in claim 9 wherein each of the transmitters 
comprises: 

a memory for storing an orthogonal code; and 
a responder responsive to the stored orthogonal ^ode for imposing a 
corresponding sequence of phase changes onto each repeated block. 

1 1 The communication system*s^$ted in claifo 10 wherein the responder selectively 

/ | / 
imposes a 180° phase shift ojxfo the repeated blocjb in accordance with the stored 

orthogonal code. 

12. The commuiication j^t/m as recited/in claim 1 1 wherein the memory comprises a 
memory for storing a^Wdsh-Hadamard code having a number of bits equal to the number 
of times the transmitters repeatedly transmit the repeated blocks. 



13. The communication system as/ecited in claim 9 wherein the receiver comprises: 
an orthogonal code remover/or removing the orthogonal encoding from the 

encoded transmitted signals; and 

an adder for adding corresponding ones of the symbols in successively received 
repeated blocks from one of th/ plurality of transmitters after the orthogonal encoding is 
removed by the orthogonal c/de remover to form a summed signal for each symbol within 
the repeated blocks. 
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14. The communication system as recited in claim 1 3 wherein 

the blocks are transmitted at a preselected block/epetition rate which results in a 

preselected repetition period; and 

the adder comprises another adder for addWtfae corresponding symbols in 
5 successive repeated blocks which are separated frojn each other by an amount equal to the 

repetition period. 



15. Thecommuni 




recite</ in claim 14 wherein each of the transmitters 

comprises: / / 

an orthional en^L for select^ely imposing phase shifts to the repeated blocks 
while being trankifted ii accordance/with an associated one of a plurality of the different 

orthogonal codes; and 

the receiver comprises a bl£ck remover for removing each of the repeated blocks 
received from each of the plurality of transmitters in accordance with the orthogonal code 
respectively associated with th4 transmitters being decoded before being applied to the 

adder. 



EUS00872-RCUR/ERI-100 



31 



16. The convocation system as recited in claim 13Avherein each of the transmitters 



comprises: 
an 



orthogonal encoder for selectively imposing phase shifts to the repeated blocks 
while being transmitted in accordance with an associated one of a plurality of the different 

orthogonal codes; and 

the receiver comprises ^blo'ckAmover tor removing each of the repeated blocks 
received from each of plurality o^rnitfers in accordance with the associated one of 
the plurality of diffe/4 orthogonajfcodes byeing decoded before being applied to the 
adder. 



17. The cornmunkJation system asyfecited claim 13 wherein the receiver comprises 
equalizer for processing the summe/ signal from the adder to compensate for multipath 
propagation effects. 



an 



18. The communication system as recited in claim 9 wherein each of the plurality of 

i/al source encoder for producing the symbols as digital bits of 



transmitters comprises a digital source 
information. 
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19. 



The communication system as recited in claim is/rherein each of the plurality of 



transmitters comprises: 

a repeater for repeating each bit of informatio^/produced by the digital source 
encoder a preselected number of times to successively produce groups of repeated bits; 

a sign changer for selectively imgosing a sign change on the repeated bits of each 
of a number of successive groups of releated biiequal to the preselected number of bits 
in each group in accordance with an /Lgoni code associated with the transmitter; 

an interleav/for mterleavir^ the sig/changed bits from the preselected number of 
groups to successively generayyLber c/f blocks each composed of the different sign 
10 changed bits erf the preselected number o/repeated groups and having a collective sign 
change correspW^conion sig/ change shared by all signed changed bits of the 

block; and 

a sign modulator for transmuting a signal modulated in accordance with the 
generated blocks with sign change's corresponding to the orthogonal code. 



20. The communication sitem as recited in claim 19 wherein each of the transmitters 
comprises an error correction^ encoder for imposing error correction encoding upon each 
of the digital bits of iirforn/ation from the digital source encoder. 
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21. The communication system as recited in claim l^wherein each of the transmitters 

comprises: 

an access code generator for generating acce/s code sequences at the rate at which 
digital bits of information are produced by the digital source encoder; and 
5 an access code imposer for imposing the /ccess code onto the individual digital 

bits of each of the orthogonaUvjaicodefi blocks 

22. The cornmumpation system a/recit J in claim 21 wherein the receiver comprises 
an access code de/der for decodi^ the /dividual digital bits of information received at 
the receiver. 



23. The co: 



mm; 



don system afe recited in claim 19 wherein the decoder comprises a 



deinterleaver for separating the blocks into individual digital bits. 

24. The communication system as recited in claim 23 comprising a maximum 
likelihood equalizer for equaling the individual digital bits from the deinterleaver. 



25. The communicatic/n system as recited in claim 23 wherein the receiver comprises 
an error correction decoder. 



34 



EUSO0872-RCUR/ERM00 



4 



26. A method for orthogonal block encoding, comprising the steps of: 

transmitting repetitively encoded signals comprised of mutually orthogonally 
encoded repeated blocks of symbols, the symbols in tif repeated blocks representing 

successive samples; and 

decoding the orthogonally encoded repeat^ blocks of symbols of the transmitted 

encoded signal. 




26 wherein the step of decoding comprises the step 
ectively for separating the received encoded 



27. The method as rj 
of employing differ 

signals into corresponding senate channels. 

28. The methods recite'd in claim£6 comprising the steps of: 
storing an orthogonal code; afed 

imposing a corresponding s/quence of phase changes onto a repeated block in 
response to the stored orthogonal/code. 



29. The method as recitedyin claim 26 comprising the steps of: 

removing the encodi signals from the encoded transmitted signals; and 
adding corresponding ones of the symbols in repeated blocks after the orthogonal 

encoding is removed. 
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30. The method as recited in claim 29 comprising the st/p of transmitting the blocks at 
a preselected rate and adding symbols in successive repeated blocks. 



31. The method as recited in claim 29 wherein the /teps of removing the orthogonal 

coding comprising the steps of: 

forming a summed signal for each symbol ^thin the repeated blocks; and 

processing the summed simpJ^ifli^ eqi 



ter. 



32. The method system as recited * claim £6 comprising the step of encoding the 
symbols as digital bits of informatioB 

33 . The r/ethod as recited4 /laim 32/ comprising the steps of: 
repealing each b^iiirmatioj/ produced by the digital source encoder a 

preselected numBeTof times tosucces&vely produce groups of repeated bits; 

imposing a sign change on tt/e repeated bits of each of a number of successive 
5 groups of repeated bits equal to tbi preselected number of bits in each group in 
accordance with an orthogonal code; 

interleaving the sign chiiged bits from the preselected number of groups to 
successively generate a numh/r of repeated groups and having a collective sign change 
corresponding to a commo/ sign change shared by all signed changed bits of the block; 
10 and 

transmitting a siLl modulated in accordance with the generated blocks with sign 
changes corresponding to the orthogonal code. 
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34. In a communication system having a plurality of transmitters and a receiver for 
communicating with the transmitters, a method for orthogo/al block encoding, comprising 
the steps of: 

repetitively transmitting from each of the plural^ of transmitters encoded signals 
with mutually orthogonal encoded repeated blocks of iymbols respectively representing 
successive samples of an informational source signal/produced at the transmitter; and 

decoding the orthogonaUy^encoded repeat/d blocks of the transmitted encoded 
signals received from ajHnCpluijality of transmit/ers at the receiver by employing different 
ones of a plurality cZrthogonJ codes respectively associated with different ones of the 
plurality of transmitters for ^arating the re/eived encoded signals into corresponding 
channels. 



35. Thljnjthod as re/ited in claim yB4 in which the step of transmitting includes the 
steps of: 

storing at each transmitter i/different one of a plurality of orthogonal codes at each 

of the plurality of transmitters; 

imposing a sequence ofyphase changes onto each repeated block in accordance 

with the stored orthogonal cqfle. 



36. The method as rented in claim 35 wherein the step of imposing a sequence 
comprises the step of se/ecting a 180 degree phase shift for imposing onto the repeated 
blocks in accordance )Vith the stored orthogonal code. 
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37. 



of: 



The method as recited in claim 36 wherein the step o/storing comprises the step 



selecting aWalsh-Hadamard code having a numb/r of bits equal to the number of 
times the transmitters repeatedly transmit the repeated^locks. 



38. The method as recited in; 



wherein the step of decoding comprises the 



steps of: 



removing the orthogonal enlding from/he encoded transmitted signals; and 
adding cor/ponding one/f the sym/ols in successively received repeated blocks 

itters afte/the orthogonal encoding is removed by the 
within the repeated blocks. 



from one of the y 
encoder to fo 



asv 



signs! for each/symbol ' 



39. The method as recited in claim88 comprising the steps of: 

transmitting the blocks by a p/eselected block repetition rate which results in a 

preselected repetition period ; and 

adding the correspondmgLibols in successive repeated blocks which are 
parated from each other by a/amount equal to the repetition period. 



sei 
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40. The method as recited in claim 39 comprising the/steps of: 

selectively imposing phase shifts to the repeate/block with an orthogonal encoder 
while being transmitted in accordance with an associ/ed one of a plurality of the different 

orthogonal codes; and 

removing each of the repeated blocks received from each of the plurality of 
transmitters in accordance with theorthogonal /ode respectively associated with the 
transmitters being decodedbefo^ddig the Corresponding one of the symbols. 

41. The method as recited in cjhm 38fcomprising the steps of: 

selectively imposing V hJ* shifts/o the repeated blocks while being transmitted in 
accordance ]ith an asso^atJ one of /plurality of the different orthogonal codes; and 

removmg^achof the repeat^ blocks received from each of the plurality of 
transmitters in accordance with J orthogonal code respectively associated with the 
transmitters being decoded befoife adding the corresponding one of the symbols. 

42. The method as recite/in claim 38 comprising the step of processing the summed 
signal to compensate for mdltipath propagation effects. 

43. The method as/ecited in claim 34 comprising the step of producing the symbols as 
digital bits of information. 
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44. The method as recited in claim 43 comprising U/e steps of: 

repeating each bit of information produced a /reselected number of times to 
successively produce groups of repeated bits; and / 

selectively imposing a sign change on the Repeated bits of each of a number of 
successive groups of repeated bits equal to the preselected number of bits in each group in 
accordance with an orthogonalcoii^ssociat/d with the transmitter; 

interleaving the si^higed bitsytom the preselected number of groups to 
successively gener^mber^blocksiach composed of the different sign changed bits 
of the selected number of reputed groups and having a collective sign change 
correspond to a commo/ign change shared by all signed changed bits of the block; 

and 

transrmttmg-a sig/al modu/ated in accordance with the generated blocks with sign 
changes corresponding to the ocfhogonal code. 

45. The method as recitiin claim 44 comprising the step of imposing error correction 
encoding upon each of the/digital bits of information. 



46. The method as/ecited in claim 44 comprising the steps of: 

generating access code sequences at the rate at which digital bits of information 
are produced by thfe digital source encoder; and 

imposing/the access code onto the individual digital bits of each of the 

5 orthogonally encoded blocks. 
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47. The method as recited in claim 46 comprising the step of decoding the individual 
digital bits of information received at the receiver. 

48. The method as recited in claim 44 comprising tjfe step of separating the blocks into 
individual digital bits. 

49. The method as recited in claim 48 S ompri f mg the step of equalizing the individual 
digital bits with a maximum likelihood edbalizer/ 



50. The method /recited in clan/ 49 co/iprising the step of including an error 
correction decoding for the receive 

51. A memoWtJa^tt^S * spre/d-spectrum encoded signal with improved 
tolerance of multipath propagation, comprising the steps of: 

encoding information to pro/uce symbol blocks containing a predetermined first 

number of symbols; 

repeating transmission otfeach symbol block a selected number of times; and 
changing a sign of eac/ successively repeated block according to a preselected 
sequence of sign changes. 



52. The method as reied in claim 51 in which the spread-spectrum coded signal is 
further conditioned prio/to transmission by combining with a spread-spectrum access 



code. 
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53 . The method as recited in claim 52 in which the spread-spectrum access code is 
used in common by different transmitters. 

54. The method as recited in claim 5 1 in which the^elected sequence of sign or phase 
changes is different for a different transmitter. 

55. The method as recitedm claim ^in which the different sequences are orthogonal 
to one another. 



56. A method Jfor decoclmg^pread-sp/ctrum coded signal, comprising the steps of: 

receiving Lomppirfte signal, the Composite signal being a sum of a number of 
overlapping spread-spectrum signals incAuding said coded signal and sampling the 
composite signal to produce signal samples; 
5 combining selected ones of the signal samples separated by a predetermined 

number of samples using a phase /hange selected from a preassigned pattern of phase 
changes associated with a particular one of the overlapping spread-spectrum signals to 

produce despread samples; 

processing the despr/ad samples using an equalizer to compensate for multipath 

10 propagation. 
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57. A transmitter for use in a communication systen/ employing orthogonal block 
encoding, the transmitter comprising: 

a producer of an information sour 

a transmitter circuit foye^itivel^ransmi/ting encoded signals comprised of 
mutually orthogonally en^ded repeatedMocks f symbols respectively representing 
samples of the inforrnational source sjgnal; 

a memory/for storing an ^ftj/ogonal cAde; and 

a phase iiifter responsive/o the sto/ed orthogonal code for imposing a 
corresponding sequence of phase changes/into each repeated block. 



58. The transmitter as recited in cl/im 57 comprising a digital source encoder for 
producing the symbols as digital bits/of information. 
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59. The transmitter as recited in claim 58 comprising: 

a repeater for repeating each bit of inform4tion produced by the digital source 
encoder a preselected number of times to succe/sively produce groups of repeated bits; 

a sign changer for selectively imposing/a sign change on the repeated bits of each 
of a number of successive groupsof^epeatei bits equal to the preselected number of bits 



in each group in accordanpewith i 



orthogonal code associated with the transmitter; 
an interleave/fbr interleavi(/g the iign changed bits from the preselected number of 
groups to successively generate /numb/r of blocks each composed of the different sign 
changed bits /f the preselecte/ Jumbe/ of repeated groups and having a collective sign 
change corresponding to a^onLon /ign change shared by all signed changed bits of the 
block; and 

a sign modulator for transmitting a signal modulated in accordance with the 
generated blocks with sign changes corresponding to the orthogonal code. 



60. The transmitter as re/ited in claim 59 comprising an error correction encoder for 
imposing error correction encoding upon each of the digital bits of information from the 
digital source encoder. 
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61 . A receiver for use in processing encoded transmitted signals having mutually 
orthogonally encoded repeated blocks of symbols the receiver comprising a receiver 
circuit for receiving the encoded transmitted signals, anfl for decoding the orthogonally 
encoded repeated blocks of symbols of the transmittal encoded signals received from the 
transmitters, by employing different ones of a plural/ty of orthogonal codes respectively 
associated with different ones of a plurality of orthogonal codes associated with different 
ones of the transmitters to seoaratj the received/encoded signals into corresponding 



separate channels. 



62. The receiver as recitecpn claim 6 1 comprising: 

Orthogonal code imover for Roving the orthogonal encoding from the 

encoded 1 transmitted signals; and 

adder for add/ng corresponding ones of the symbols in successively received 
repeated^blacks^fter tne orthogona/ encoding is removed by the orthogonal code remover 
to form a summed signal for eacbiymbol within the repeated blocks. 



an i 



63. The receiver as recited/in claim 62 wherein the blocks are transmitted at a 
preselected block repetition /ate which results in a preselected repetition period; and 
the adder comprises another adder for adding the corresponding symbols in 
successive repeated bloc/s which are separated from each other by an amount equal to the 
repetition period. 
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64. The receiver as recited in clajm63 wherein th4 receiver comprises a block remover 
for removing each of the repeate/blocks Reived |rom the transmitter in accordance with 
the orthogonal code associate^ with th^transmitter before being applied to the adder. 
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